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A B S T R A C T
Biological invasions are a major driver of ecological and social change globally. The negative effects of
these invasions have led to the initiation of programs to manage these invasions across the world.
Management aims to reduce impacts and in some cases improve the benefits that some invasive species
can provide. This study assesses the barriers that hinder the effective management of widespread tree
invasions, drawing insights from a case study of invasions of Prosopis species (mesquite) in South Africa.
We used questionnaire surveys and focussed workshops to identify barriers and adaption responses in
four key stakeholder groups involved in different stages of management. More than 100 barriers were
identified, most of them relating to social issues. Key barriers related to limited knowledge, insufficient
funds, conflicts of interest, the ecology of the genus and the nature of the invaded land, as well as poor
planning, co-ordination and co-operation, and a lack of prioritisation. There were marked differences in
how stakeholders perceived the importance of some barriers. Most Farmers (>80%) placed high
importance on a lack of planning, and poor management as important barriers, while few Managers
(<20%) regarded these as important; this reflects different views about the context in which
management projects operate. Workshops identified more barriers and, overall, provided greater insights
into the dimensions of barriers. The questionnaires were, however, useful for providing quantitative data
which helped to rank the importance of barriers amongst stakeholders. Although adaptation responses
were identified, not all barriers are conducive to simple solutions. Among the most intractable barriers
were the lack of adequate funds and factors relating to the ecology of Prosopis species. Problems such as
adopting new clearing methods and strategic planning need to be overcome to improve the effectiveness
of control with the available funds.
ã 2016 Elsevier Ltd. All rights reserved.
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1.1. Global change and barriers to adaption
Invasive alien species cause major disruptions to social-
ecological systems and are a major driver of global change
(Vitousek et al., 1997). Hundreds of species introduced accidently
or intentionally over past centuries have had severe detrimental
effects on biodiversity, ecosystem services and local economies
(Pyšek and Richardson, 2010). The escalation of negative impacts
associated with invasions has led to an increase in the number of
management projects across the world that aim to reduce the* Corresponding author.
E-mail addresses: rtshackleton@gmail.com (R.T. Shackleton),
dlmaitre@csir.co.za (D.C. Le Maitre), bvanwilgen@sun.ac.za (B.W. van Wilgen),
rich@sun.ac.za (D.M. Richardson).
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0959-3780/ã 2016 Elsevier Ltd. All rights reserved.negative effects of these invasions. Some of these projects have
limited success (Wilson et al., 2011; van Wilgen et al., 2012a;
Shackleton et al., 2014), mainly because they encounter barriers
that hamper the effective management of the problem. Investi-
gating barriers to adaptation and management is common in the
fields of medicine (Flores and Vega, 1998; Gelland et al., 2011;
Huang et al., 2011), psychology (Waller and Gilbody, 2009; Jansen
van Vuuren and Learmonth, 2013) and climate change (Huang
et al., 2011; Spires et al., 2014), but this practice has not yet been
systematically incorporated into conservation biology or invasion
science (but see UNEP, 2004; Roura-Pascual et al., 2009).
Barriers are factors that create obstacles or conditions that
delay, hinder or divert the effectiveness of management, adapta-
tion and transformation strategies (Moser and Ekstrom, 2010).
Barriers affect individuals or households, but also operate at higher
levels and influence cities, institutions, municipalities and govern-
ments (Robinson and Gore, 2005; Lorenzoni et al., 2007;
Jantrasami et al., 2010; Lehmann et al., 2014). Different types of
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institutional (political, managerial) informational, economic and
social barriers (cognitive, cultural, institutional, psychological)
(Agrawal, 2008; Adger et al., 2009; Jones 2010; Gifford, 2011;
Antwi-Agyei et al., 2013). A number of these barriers are contextual
and relate to historical processes and include multiple stressors
(Jansen van Vuuren and Learmonth, 2013; Shackleton et al., 2013).
Identifying and recognising barriers to effective management is
an important early step in overcoming them. We suggest that it is
important to investigate these issues from multiple viewpoints as
different stakeholders face different problems and all have unique
perspectives, all of which must be recognized when formulating
management plans and policies. Overcoming such barriers
requires concerted efforts by all stakeholders to make changes;
there is need for adaptive management, new ways of thinking,
effective legislation, institutional arrangements prioritisation of
goals and sound strategic planning (Moser and Ekstrom, 2010). The
timeous identification of barriers can facilitate more efficient
planning of adaptation and management strategies by considering
and implementing appropriate solutions (Moser and Ekstrom,
2010). The lack of research on barriers facing managers of invasive
species may be hindering effective management, especially for
large-scale operations such as the ambitious Working for Water
(WfW) programme in South Africa (van Wilgen and Wannenburgh,
2016). We suggest that improving our understanding of the
barriers that potentially hamper the effective management of
invasive species could improve management and help to guide
adaptive responses for combatting this major driver of global
change.
1.2. Tree invasions
Until recently invasive alien trees were not widely recognised as
a major threat to biodiversity and ecosystem productivity, but trees
are now considered among the most widespread and damaging of
invasive species globally (Richardson and Rejmánek, 2011).
Invasive trees are now a major contributor to global change and
negatively affect biodiversity, ecosystem services and human
livelihoods (Shackleton et al., 2014). However, some invasive trees
provide benefits as well as costs, leading to conflicts of interests
surrounding their use and management (Dickie et al., 2014; van
Wilgen and Richardson, 2014). Attempts to control spread range
from ad hoc local-scale efforts by private land owners to large-scale
national programs driven by national and international policies
and agencies (Richardson and Rejmánek, 2011; Brundu and
Richardson, 2016). There are cases where management has
reduced problems associated with tree invasions, but also case
studies where projects have failed to achieve effective manage-
ment (van Wilgen et al., 2012a). Further investigation to elucidate
the most important barriers to the management of tree invasions is
warranted, especially in developing countries. This is particularly
important when developing strategic plans to observe interna-
tional agreements such as the Convention on Biodiversity, and
where attempts are made to comply with national policies that are
in place in countries, including Australia, South Africa and the
United States. Our study focusses on invasive Prosopis species in
South Africa.
1.3. Study species and system (Prosopis in South Africa)
We used the genus Prosopis (mesquite), widely recognised as
one of the worst and most widespread invasive tree taxa in the
world (Shackleton et al., 2015b), as a case study. Prosopis species
have been moved around the globe during the past century to
provide local communities with resources, notably fodder and
wood. Several species and their hybrids have naturalised and/orbecome invasive in over 100 countries, leading to negative impacts
and conflicts of interest around use and management (Shackleton
et al., 2014).
Prosopis species were first introduced to South Africa in the late
1800s, and then in the mid-1900s they were distributed to farmers
in large numbers across the arid central parts of South Africa to
provide fodder and shade for livestock, and for fuelwood
(Zimmermann, 1991; Poynton, 2009). Prosopis species have now
invaded at least 1.8 million ha of South Africa, are still spreading at
rates between 3.5 and 8% per annum, and have the potential to
invade a further 58 million ha of the country (Versfeld et al., 1998;
Rouget et al., 2004; Van den Berg et al., 2013). Prosopis was ranked
as the second most widespread invasive plant taxon in South Africa
after Australian Acacia species (Henderson, 2007) and Prosopis is
also ranked highly for its impacts on biodiversity and ecosystem
services (Le Maitre et al., 2000). Prosopis invasions in South Africa
have negative impacts on biodiversity (reviewed in Shackleton
et al., 2015a,b), ecosystem services such as grazing potential and
water supply (Ndhlovu et al., 2011; Dzikiti et al., 2013), and
livelihoods (Wise et al., 2012; Shackleton et al., 2015c). The benefits
from Prosopis have been found to be less important than was
previously thought, and most stakeholders support more aggres-
sive management interventions (Shackleton et al., 2015d).
Due to the costs associated with Prosopis invasions, there has
been active management to reduce impacts by the state-run WfW
programme as well as by private land owners (Shackleton et al.,
2015c). Current approaches include mechanical, chemical and
biological control methods (Richardson 1998; van Wilgen et al.,
2012a,b). Biological control has been largely been ineffective; one
agent (Neltumius arizonensis) failed to establish and the others
(Algarobius bottimeri and A. prosopis) have not substantially slowed
rates of spread (Zachariades et al., 2011). There have been some
localised successes using chemical and mechanical control, but
overall management success is limited and the impacts and costs
of Prosopis invasions are rising rapidly (Wise et al., 2012; van
Wilgen et al., 2012a). Although WfW has spent R 435.5 million
(US$ 25.9 million) between 1996 and 2008 on managing Prosopis
invasions, mesquite continues to increase its range and density
rapidly across the county (van Wilgen et al., 2012a). This suggests
that there may be barriers to the effective management of Prosopis
(as is the case with other well-established invasive tree species in
South Africa; e.g. Holmes et al., 2008; Roura-Pascual et al., 2009).
The systematic investigation of these barriers, drawing on
perspectives of key stakeholder groups involved in management,
has the potential to improve the efficiency of management.
1.4. The Working for Water programme
The legacies of South Africa’s apartheid past include unem-
ployment, inequality and poverty—issues that need to be
addressed by providing people with meaningful work and skills
while ensuring sustainability. The WfW programme, a state public-
works program managed by the national Department of Environ-
mental Affairs, therefore has multiple aims. The key aims are (1) to
provide jobs and skills development to previously disadvantaged
communities and (2) to manage and remove invasive alien species
to reduce their negative impacts on the environment and restore
the supply of ecosystem services (van Wilgen et al., 2012b). There
are multiple tiers of management and implementation in the
programme. WfW’s activities are managed at national and
provincial levels through implementing agents (government
departments, municipalities, and conservation, forestry and
agricultural authorities). These agents appoint local contractors,
mainly from previously disadvantaged backgrounds, to conduct
clearing work on a short-term (2–3 month) contract basis
(van Wilgen and Wannenburgh, 2016). These contractors employ
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demarcated areas based on norms and standards agreed on for
different species, terrains and density classes (van Wilgen and
Wannenburgh, 2016). These projects are supervised by regional
managers, who are employed by the implementing agents on a
more secure long-term basis. WfW clearing projects are conducted
on both state and private land which involves working with
additional stakeholders such as farmers. This programme is well-
funded compared to other environmental programmes in Africa
and receives approximately R 1.8 billion annually to control
invasions across the country (van Wilgen et al., 2012b). The Land-
User Incentives program also allows for groups of land owners (e.g.
conservancies) to apply for funding from the state to manage
invasions on their land. The different aims and the incorporation of
multiple tiers of stakeholders have led to considerable complexity
and the creation of unique barriers for each group.
This paper examines barriers to Prosopis management as
perceived by multiple stakeholders and explores the adaptation
responses that would be needed to overcome these barriers.Fig. 1. The use of words to describe Prosopis species by different stakeholder groups in So
was asked to list 3–5 words they associate with Prosopis in South Africa at the beginning
word cloud denotes the number of times that word was used.2. Methods
2.1. Study area
Prosopis invasions are found in the semi-arid and arid interior of
South Africa, with the majority of invasive populations occurring in
the Northern Cape Province (Richardson et al., 2000; Shackleton
et al., 2015b). Extensive invasions occur in three major South
African biomes: the Savanna, the Nama Karoo and Succulent Karoo
with small populations also occurring in Fynbos, and Arid
Grasslands (Shackleton et al., 2015b). Rainfall in invaded areas
ranges from 150 to 450 mm yr1 and includes winter, summer and
bimodal rainfall regimes. Altitudes range from 700 to 1300 m
above sea level. The economy of the area is based on livestock
agriculture, cropping along rivers, mining and tourism. More than
twenty years after the dismantling of apartheid, the legacy of this
social system is still evident in the distribution of different racial
groups across the area within which Prosopis occurs. The most
common land use is rangeland farming, which is dominated byuth Africa: (a) Managers; (b) Farmers; (c) Workers; (d) Academics. Each participant
 of the survey (no background information was provided). The size of words in each
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that are populated by Black and mixed-race people. Stark social-
economic divides exist between different communities (a legacy of
apartheid), resulting in areas of high unemployment, poverty and
inequality (Treiman, 2007; Shackleton et al., 2015c). This reality
and the need for social transformation exacerbate the challenge of
achieving sustainable management and conservation strategies.
2.2. Questionnaires and workshops
Interviews using semi-structured questionnaires were con-
ducted and focussed workshops were held with four key
stakeholder groups involved with different stages in the manage-
ment of Prosopis. These four groups were:
1. Academics who undertake research on invasions, including
their benefits, costs, ecology and management, and whose work
is used to inform managers and policy makers. (Academics
included people who had published peer-reviewed papers on
Prosopis and/or management of invasive trees).
2. Farmers who live on private land and who manage invasions
themselves, using their own labour and funds, but often
supplemented by the state-run WfW programme or funded
through its Land-User Incentives programme.
3. Managers employed by WfW who are involved in planning and
overseeing invasive clearing projects; and
4. Workers employed by WfW from previously disadvantaged
communities (often with low education and living in poverty),
who receive a minimal payment and training from the WfW
programme for manually clearing invasive species.
Ninety-five questionnaires were administered to the four
groups: 11 to Academics, 34 to Farmers, 17 to Managers and
33 to Workers. Most of the managers on Prosopis-related projects
run by WfW, and the academics in South Africa were sampled, and
sub-sets of farmers and workers were located at multiple points in
the Northern Cape. The questionnaire included questions relating
to perceptions of Prosopis benefits and impacts, identification
(free listing) and ranking barriers to management and possible
adaptation responses (free listing). Interviews were conducted in
English and Afrikaans depending on the preference of the
interviewee. Qualitative methods (focus groups/workshops) were
also used for reasons highlighted in Jones and Boyd (2011).
Separate focussed workshops were held with each of the different
stakeholder groups with between 10 and 20 participants to
identify barriers relating to the effective management of Prosopis in
South Africa. Each workshop lasted 1–1.5 h. Proceedings were
recorded to allow us to refer back to clarify issues and to identify
underlying themes. Each of the barriers listed in the questionnaire
and the workshop were added separately and not pooled into pre-
defined groups as done in other studies (e.g., Jantrasami et al.,
2010).Table 1
Perceptions of the costs, benefits and management of invasive Prosopis species among th
answers to the questions, except for “barriers listed and adaption responses listed” wher
significance differences between stakeholders using Bonferroni and Tukey’s post-hoc t
Perceptions Managers Farmers 
Does Prosopis have costs? 100a 100a
Does Prosopis have benefits? 94a 100a
Costs > Benefits? 100a 96a
Need for management? 100a 100a
Are there barriers to management? 100a 100a
Barriers listed 4.3  0.8a 6.5  3.1b
Adaptation responses listed 3.8  1.9a 3.3  1.0acThe information from the questionnaires and workshops was
summarised using the framework presented in Jones (2010) which
categorises barriers into: (1) human and information factors
(knowledge, economic and technological); (2) Natural factors
(ecological and physical) and (3) social factors (cognitive,
institutional and normative).
2.3. Statistics
Maximum likelihood Chi-square (x2) tests were used to assess
where there were differences in perceptions of Prosopis and listing
of barriers and adaption responses (categorical data) between the
four stakeholder groups. Bonferroni post-hoc tests using adjusted
standardised residuals (García-pérez and Núñez-antón, 2003)
were also applied to these data. One-way ANOVAs, Kruskal-Wallis
and Tukey post-hoc tests were used to determine whether
differences existed between the number of barriers and adaption
responses listed by different stockholder groups and the ranking of
Prosopis benefits and costs between different stakeholders.
3. Results
3.1. Perceptions of Prosopis
When listing terms associated with Prosopis, the words:
“water”, “problem”, “invasive” and “alien”, and other words
associated with impacts and management were commonly
mentioned by all stakeholder groups (Fig. 1). However, there were
also major differences between groups. Workers commonly
mentioned words relating to work and job creation and well as
verbs relating to the removal of Prosopis. Farmers also listed
descriptive or modifying terms with negative connotations
relating to the tree such as “plague”, “thief”, “evil” and “nightmare”.
Managers and Academics listed similar words, but typically using
less emotive terms than Farmers or Workers.
All stakeholders involved in the management of Prosopis
perceived invasive stands to have negative impacts (Table 1).
The impacts rated most highly by all stakeholders related to water,
grazing and biodiversity. Managers and Farmers rated impacts on
the economy significantly higher than did Academics or Workers
(Table 2). Similarly, Farmers and Workers rated impacts of
infrastructure significantly higher than did Mangers and Academ-
ics. Most respondents in all stakeholder groups also perceived
Prosopis to have benefits, with Managers and Farmers holding this
view significantly more often than Workers and Academics
(Table 1). All stakeholders considered the costs to be greater than
the benefits, with Workers suggesting this significantly less than
other stakeholder groups (Table 1). The provision of fodder,
fuelwood and shade were rated as being among the most
important benefits by all stakeholder groups. However, Workers
rated fodder and fuelwood production from Prosopis to be
significantly higher other stakeholder groups (Table 2). Thee four stakeholder groups. Numbers in Table indicate the percentage of affirmative
e values indicate the numbers of barriers (mean  sd). Superscript letters represent
ests.
Workers Academics ANOVA and x2 p-values
100a 100a p > 0.05
90a 73b p < 0.005
94b 100a p < 0.05
100a 100a p > 0.05
100a 90a p = 0.03
4.0  2.4a 5  1.9b p < 0.001
1.6  1.0b 3.2  0.ac P < 0.001
Table 2
Mean ranking of different costs and benefits of Prosopis invasions for four stakeholder groups (importance ranking: 1 = low; 5 = high). Superscript letters represent significance
between stakeholders using Kruskal-Wallis post hoc-tests.
Costs/Benefits Managers Farmers Workers Academics Kruskal-Willis p-value
Costs
Water 4.9a 4.5a 4.8a 4.5a p = 0.06
Grazing 4.4a 4.1a 4.8a 4.1a p = 0.08
Biodiversity 3.8a 4.4a 4.0a 4.0a p = 0.44
Encroachment 3.9a 4.5b 3.9a 4.0a p = 0.2
Economy 4.7a 4.6a 4.1a 4.3a p = 0.08
Infrastructure 3.1a 4.2b 4.0b 2.3a p < 0.01
Benefits
Fodder 2.7a 3.0b 3.7b 3.0ab p < 0.04
Fuelwood 3.7ab 2.7a 4.5c 2.6cb p < 0.01
Medicinal 1.6a 1.0b 1.0b 1.5a P = 0.03
Shade 3.4a 2.3b 3.0a 1.9b p = 0.02
Edible products 1.2a 1.0b 1.0b 1.3ab p = 0.01
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Workers than other stakeholder groups.
Respondents from all stakeholder groups felt that there was a
need to reduce invasions and control the spread of Prosopis, and
most respondents in all stakeholder groups recognized that there
were barriers preventing effective management. However, this was
mentioned significantly less often by Workers (Table 1). On
average, stakeholders mentioned 4.0–6.5 different barriers relating
to the management of Prosopis using questionnaires, with Farmers
identifying significantly more barriers (Table 1). On average,
stakeholders mentioned 1.6–3.8 adaption responses; Workers
mentioned significantly fewer than other groups (Fig. 1).
3.2. Barriers to management
The results were categorised according to the framework used
by Jones (2010) (Figs. 2–4 and Table 3). Most barriers fell into the
social node, followed by the human and information node and
lastly the natural node, although the barriers found within
different nodes interlink with each other. The involvement of
different stakeholder groups resulted in a more comprehensive
understanding of impediments to management, as different
groups clearly perceived different combinations of barriers
(Figs. 2–4 and Table 3). Over 100 barriers were identified acrossFig. 2. Human and informational barriers to management of Prosopis species (categ
 Academics (a); Farmers (f), Managers (m) and Workers (w). The sub-component of “Ind
limited financial resources typical of a developing country.the four stakeholder groups. Thirty-nine more or less discrete
barriers affecting the management of Prosopis were listed by four
stakeholder groups in the questionnaires (Table 3). Farmers
mentioned the most barriers (26), followed closely by Academics
(24), and Managers and Workers (19 and 15 respectively). In the
workshops the four stakeholder groups identified 100 more or less
discrete barriers with Academics, Managers, Farmers and Workers
identifying 56, 50, 38 and 19 respectively (Fig. 2).
3.3. Human and informational barriers
Over 25 factors in the human and informational node were
mentioned. These included lack of knowledge associated with
Prosopis and invasion science and the fact that the awareness of
what we do know is poor; a research-implementation gap also
exists (Table 3; Fig. 2). The lack of knowledge mainly covers factors
relating to the effectiveness of different control techniques as well
as distributions, taxonomy and negative impacts of Prosopis
invasions (Fig. 2). Interestingly, Managers highlighted that there
was a lack of knowledge (53%) and a lack of awareness of existing
knowledge (41%) significantly more than other stakeholder groups
(Table 3).
The technological node included barriers relating to the
underutilisation of potential management approaches (controlories follow Jones, 2010) identified by different stakeholders during workshops
irect economic” barriers was added in this study to accommodate barriers relating to
Fig. 3. Natural barriers to management (Jones, 2010) identified by different stakeholders in workshops: Academics (a); Farmers (f), Managers (m) and Workers (w).
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as well as issues with the type and quantity of equipment being
used to clear trees. It was raised that the overriding WfW mandate
to provide jobs was hindering the use of faster and more cost-
effective methods. Other barriers also included the incorrect use of
herbicide, particularly applying it too long after felling. In the
workshops Farmers mentioned that local WfW project managers
were selling allocated herbicide to other farmers, and replacing it
with diluted herbicide resulting in ineffective control due to
coppicing. Another example of corruption was local WfW
operating managers claiming they had cleared land and receiving
payment for this, when the area was actually cleared by the farmer
a few months earlier.
The economic barriers included lack of funding, inconsistent
funding and factors relating to the lack of government subsidies
and financial incentives for management by private land owners
(Table 3; Fig. 2). Funding constraints were ranked significantly
higher by Managers than other stakeholder groups (Table 3).
Widespread invasions also have particularly high input costs,
especially for species like Prosopis that can coppice and require
herbicide. Interestingly, no Workers listed any economic barriers.
We also added an extra sub-component (Indirect economic
barriers) to the human and informational node which was not
identified in the Jones (2010) framework (Fig. 2). Although some of
these indirect economic factors are context-specific and relate to
unique landscapes and historical processes, some of them will
apply to other developing countries, especially in arid areas with
low population densities. These include: (a) South Africa’s colonial
and apartheid history, where people were deprived of opportu-
nities for education and employment  there is therefore great
pressure to improve equality through the provision of infrastruc-
ture such as housing, schools and hospitals, which leads to less
funding being available for environmental issues (Fig. 2); (b) The
effects of social grants from government lead to a reduced
incentive to work in jobs that pay low wages; and (c) The otherindirect economic factors arose because the areas invaded by
Prosopis are extensive, arid and are sparsely populated by people.
This results in higher costs for management (and less incentive to
manage) because the productive value of the land (return on
investment) in this region is low compared to other parts of South
Africa.
3.4. Natural barriers
Natural barriers to management were mentioned least often
but still are viewed as having a major impact on the success of
control operations (Fig. 3 and Table 3). They included physical
factors, such as extensive and dense invasions, the remoteness of
areas, lack of capacity, and dangerous working conditions (the last
point was only mentioned by Workers) (Fig. 2). Ecological barriers,
relating to invasion processes, the ecology and traits of the tree,
and climate change, were mentioned. The increased presence of
wildlife was sometimes attributed to Prosopis invasions. Wild
animals that feed on Prosopis can spread the seeds across fence
lines, including kudu (Tragelaphus strepsiceros) and baboons
(Papio ursinus) that go over fences, and porcupines (Hystrix
africaeaustralis) that burrow under fences. The dissemination of
mesquite by livestock was also a key issue and is controversial in
that some farmers still want to use Prosopis to feed livestock.
3.5. Social barriers
Social barriers were frequently mentioned by all the stakehold-
er groups, but to a lesser extent by Workers (Fig. 4 and Table 4).
Cognitive barriers included feelings of hopelessness and apathy,
loss of interest, failure to accept and learn from other examples
(Fig. 4), and were mentioned significantly more by Farmers than
other groups. Additionally, Farmers (55%) suggested that other
farmers wanted government support to clear their land and were
not doing anything themselves. Respondents from all stakeholder
Fig. 4. Social barriers to management of Prosopis species (listed under categories defined by Jones, 2010) identified by different stakeholder groups during workshops:
Academics (a); Farmers (f), Managers (m) and Workers (w).
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and not a big problem, which may be linked to the lack of
awareness highlighted in the barriers to knowledge node (Fig. 4).
The normative barriers all related to the conflicts of interest or
differences of opinion, and were mentioned most by Academics
and not at all Workers (Fig. 4 and Table 3). This is related to
contrasting views on the appropriateness of different management
approaches. For example, the use of biological control or more
mechanised clearing methods were seen by some as a way to
become more effective, but by others as having the potential to
reduce opportunities for employment). There were also contrast-
ing views on whether or not utilization of cleared biomass would
assist control or provide arguments for the retention of Prosopis in
the landscape.
Institutional barriers were regularly mentioned, but differed
significantly between stakeholder groups, particularly between
Managers and Farmers (Fig. 4; Table 3). Major issues highlighted as
institutional barriers included a lack of stakeholder cooperation
and communication and partnerships which were highlighted by
Managers (35%) significantly more than other groups. Managers
highlighted that communication between WfW based in the
department of Environmental Affairs and other stakeholders
involved in the management of Prosopis such as farmers, other
government departments (e.g. Agriculture, Forestry and Fisheries;
Water and Sanitation) and South African National Parks was poor.A lack of strategic planning and prioritisation was emphasised
particularly by Farmers (76%) and Academics (64%) but to a minor
extent by Managers (18%). It was suggested that a random
(“shot-gun”) approach to management (“little bits here and there”)
has been followed which is ineffective for addressing pathways of
spread and that cleared sites are often reinvaded. Farmers also
mentioned poor management, supervision and quality control as
problems (95%), poor follow-up clearing (88%), corruption within
the state-run WfW program (32%), and the lack of cooperation
between landowners (where one clears and the other does not)
more than other stakeholder groups and were viewed as major
issues affecting successful management (Table 3). Farmers felt that
invasions are now worse than a decade ago and that poor
management has led to widespread coppicing and the densifica-
tion of invasive stands. Multiple narratives of corruption were
discussed in the workshop; these include stories of Managers and
contractors giving Farmers herbicides in return for sheep (bribes),
WfW project sites being selected using bribes, and contractors
being paid for clearing land that had in fact been cleared by the
farmers themselves. Some of the institutional issues raised by
Farmers were not of as much concern to Managers (Table 3). These
discrepancies point to different world views among the most
important stakeholders involved in management. Issues raised as
major barriers by Academics more often (45%) than by other
groups included poor monitoring, institutional arrangements and
Table 3
Barriers to effective management mentioned by four different stakeholder groups involved in the management of Prosopis. Numbers are the percentage of respondents
mentioning that barrier; importance rankings are given in brackets (1 lowest; 5 highest). Superscript letters represent significance between stakeholders according to
Bonferroni post-hoc tests.
Barriers Managers [%(rank)] Farmers [%(rank)] Workers [%(rank)] Academics [%(rank)] x2 p-value
Human and Informational
Knowledge
Lack of knowledge 53a (4) 0b 0b 9c(4) p < 0.0001
Lack of awareness 41a (3) 0b 0b 9c(4) p < 0.0001
Technological
Ineffective herbicide 35a (4) 35a (5) 42a (5) 9b (5) p = 0.01
Broken equipment 0a 0a 12b (4) 0a p < 0.005
Lack of equipment 0a 0a 52b (5) 0a p < 0.0001
Herbicide applied poorly 29a (4) 38a (5) 0b 9b (3) P < 0.0001
Economic
Funding constraints 82a (5) 71a (5) 0b 64a (5) p < 0.0001
Natural
Physical
Capacity constraints 29a (4) 0b 0b 9b (3) p < 0.005
Time constraints 0s 32b (5) 0a 0a p < 0.0001
Difficulty finding reliable labour 0a 61b (4) 0a 0a p < 0.0001
Widespread invasions 0a 0a 0a 18b (5) p = 0.03
Thorns 0a 12b (3) 36c (4) 0a p < 0.005
Dangerous working conditions 0a 0a 10b (3) 0a p = 0.01
Large travel distances/isolated areas 0a 0a 12a (3) 9a (5) p = 0.06
Ecological
Fast growth and spread rates 41a (5) 15b (4) 16b (4) 45a (5) p = 0.002
Ineffective biological control 6a (5) 0a 0a 45b(5) p < 0.0001
Hybridisation 0a 0a 0a 18b (4) p < 0.03
Animals spread it (wild and domestic) 17a (3) 36a (4) 0b 9a (4) p < 0.0001
Social
Cognitive
Farmers rely on government/want subsidies 0a 55b (5) 0a 0a p < 0.0001
Not perceived as a problem and still used 17a (5) 58b (5) 0c 45b (5) p < 0.0001
Normative
Conflicts of interest 0a 14b (4) 0a 45c (4) p < 0.0001
Institutional
No strategic planning and prioritisation 18a (5) 76b (5) 3c (4) 64b (5) p < 0.0001
Red tape 6a (4) 3a (3) 6a (4) 0a p = 0.5
Poor management, supervision and efficiency 18a (5) 98b (5) 12a (3) 36a (5) p < 0.0001
No partnerships and communication btw stakeholders 35a (5) 18a (5) 0b 18a (4) p < 0.005
Projects to short term and irregular 6a (4) 14b (4) 51c (5) 18b (5) p < 0.0005
WfW focus on job creation(mandates) 0a 23b (4) 0a 9a (5) p = 0.01
Poor follow up form WfW and farmers 27a(4) 88b (5) 9a (5) 9a (4) p < 0.0001
Compliance, enforcement of law/incorrect law 13a (4) 9a (3) 0b 18a (4) p = 0.04
Poor monitoring 0a 18b (4) 0a 45b (5) p < 0.0001
Corruption 0a 32b (3) 0a 0a p < 0.0001
Neighbours do not manage it 0a 50b (5) 0a 0a p < 0.0001
Unwilling to invest in rented land 0a 15b (3) 0a 0a p = 0.04
Control in the wrong season 0a 6a (3) 0a 0a p = 0.2
Interference from farmers 0a 0a 16b (3) 0a p = 0.03
Paid late 0a 0a 60b (5) 0a p < 0.0001
Lack of training 0a 0a 6a (3) 9a (5) p = 0.6
Lack of restoration 6a (3) 3a (4) 0a 9a (4) p = 0.6
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programme (Table 3). The short-term and irregular nature of
projects were also raised as an issue by all stakeholders, but
particularly by Workers who found that this made it difficult for
them to plan financially and led to them to leaving the WfW
programme for more secure jobs when these arose. Short-term
projects also often meant that re-growth was not cleared. Workers
suggested that they were frequently not paid on time, which linked
closely to the cognitive barriers of a loss of interest in employment
in the WfW programme.
3.6. Adaptation responses
Around 25 adaptation responses were mentioned by the four
stakeholder groups; each group mentioned 11–16 different
responses (Table 4). There was considerable overlap betweenthe responses listed by groups with the most common adaptation
responses mentioned being: researching and using different
approaches to management, including biological control, utilisa-
tion approaches, the development of new herbicides (a sub-point
mentioned by all stakeholders), as well as using more mechanical
approaches to improve control. Workers identified the need for
more chainsaws to be made available (currently, only one chainsaw
is provided to a team of 10 workers, which effectively means that
only one person at a time can be actively engaged in felling trees).
Farmers mentioned the importance of adopting more effective
clearing methods, rather than focusing on job creation significantly
more than other stakeholder groups. Future monitoring and
indicators of success need to be broadened beyond simply listing
the person-days worked as a means of evaluating the success of
projects, and should include measures of improvements in
ecosystem functionality. Improved awareness and research, the
Table 4
Management and adaptation responses to improve the management of Prosopis suggested by four stakeholder groups. Numbers in Table indicate the percentage of each group
that suggested particular responses. Subscript letters represent significance between stakeholders using Bonferroni post hoc tests.
Management/adaptation responses Managers Farmers Workers Academics x2 p-value
Awareness and research programs 35a 38a 0b 18b p < 0.001
Use and research diff. man. approaches 58ad 100b 9c 81d p < 0.0001
More localised managers 17a 3b 3b 0b p < 0.001
Better stakeholder engagement 58a 24a 0a 18a p = 0.09
Use stronger herbicide 12a 23a 40a 9a p < 0.13
Increase budgets 0a 0a 0a 18b P = 0.15
Less focus on job creation 0a 24b 0a 9b P = 0.23
Change and enforce legislation and contracts 47a 21a 0b 18a p < 0.01
More access to managers 0a 21b 0a 0a p < 0.001
Employ more teams 6a 0a 15a 0a P = 0.06
Projects more long term/more follow-ups 35a 48a 3a 9a P = 0.13
Understand and solve conflicts of interest 0a 0a 0a 27b p < 0.001
Provide subsidies to farmers 6a 32b 0c 0c p < 0.001
Restore cleared areas 12a 0a 0a 0a p < 0.09
Disincentivise its use 12a 58b 0c 0c p < 0.0001
Give teams more mechanical equipment 0a 0a 55b 0a p < 0.001
Strategic planning and prioritisation 6a 48b 3a 63b p < 0.001
Improve monitoring 0a 0a 0a 18b p < 0.01
Get paid on time 0a 0a 21b 0a p < 0.01
Improve training 0a 0a 6a 9a P = 0.28
Understand taxonomy 0a 0a 0a 27b p < 0.01
Clamp down on corruption 0a 15b 0a 0a p < 0.01
Breed sterile cultivars/id safe taxa to use 0a 6a 0a 9a p = 0.29
Work in the correct seasons 6a 9a 0a 0a p = 0.19
Nothing or donnot know 0a 0a 9a 0a P = 0.12
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stakeholder engagement and cooperation, changing the legislation
relating to Prosopis, and better enforcement of legislation and
contracts were also highlighted as being important among all
stakeholder groups, except Workers. Improved follow-up clearing
and targeting of coppicing and re-invasion were highlighted
significantly more by Managers and Farmers. Farmers also
mentioned that improving the quality of, and having more access
to WfW area managers would help. Farmers emphasised that
receiving subsidies would encourage control; this aspect is linked
to the other comments regarding the provision of incentive and
disincentive schemes to encourage and stimulate control. Workers
mentioned that getting paid on time would help significantly to
reduce apathy, unhappiness and loss of motivation. Academics
specifically suggested that understanding and overcoming con-
flicts of interest would help to reduce certain barriers, as would an
improved understanding of the taxonomy of the trees present in
South Africa.
4. Discussion
There has been little research on barriers to effective manage-
ment in the field of invasion biology and such work is needed to
improve the ability of management interventions to deliver the
desired outcomes. Only eight barriers relating to the management
of invasive tree species have been highlighted in previous studies
and these are fairly broad. They include poor data on the
distribution of the invasions, a lack of coordination between
stakeholders, insufficient funds and unpredictable environmental
drivers (Roura-Pascual et al., 2009), as well as weak policy and
institutional environments, a lack of critical information, poor
implementation and a lack of capacity (UNEP, 2004), all of which
were identified in this study as well. Some of the barriers identified
here are also broad and have been mentioned in similar studies
investigating other drivers of change such as climate change
(Jantrasami et al., 2010; Lehmann et al., 2014; Spires et al., 2014).
However, our study has identified important additional barriers,including corruption and indirect economic barriers, and compar-
isons between different stakeholder’s views of barriers also yielded
useful insights.
4.1. The value of including both workshops and questionnaires in
barriers research
Using both workshops and questionnaires (each with advan-
tages and disadvantages) enabled us to identify over a hundred
barriers to management (Table 3,Fig. 2 and 3). More barriers to
management were raised during workshops (100; 62 main-criteria
and 38 sub-criteria) than in the questionnaires (just under 40;
Table 3; Fig. 2 and 3). Workshops were relatively expensive, but
helped to better understand and contextualise the barriers and
provide narrative examples which do not emerge from question-
naire surveys (e.g., the experiences of farmers with corruption).
The workshops clearly provided a better understanding of the
dimensions and causes of barriers and how they are linked but also
promoted co-learning and awareness building. The questionnaires
were much cheaper, and proved useful for quantifying the
frequency and the importance of different barriers, and allowed
for statistical comparisons between the views of different stake-
holders (Table 3). Case studies on barriers could be conducted
using only one of the two methods used, but the two methods do
complement each other and provide more depth to the research.
4.2. Comparing barriers faced by different stakeholders
The significant differences in the listing of barriers between
different stakeholders (Figs. 2–4 and Table 3) highlight the
importance of including the full range of stakeholders in such
assessments. This has been lacking in past studies on barriers to
management, with most studies focusing on one group. A
comparison of the views between Farmers and Managers
regarding the listing of three of the barriers is particularly
interesting (Table 3). First, only a few Managers identified the
need for strategic planning and prioritization, whereas the vast
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prioritization to be a significant barrier (Table 3). Secondly, poor
management, supervision and efficiency were regarded as impor-
tant by almost all Farmers, whereas very few Managers mentioned
this. Thirdly, almost all Farmers were concerned about poor follow-
up treatments, whereas only a quarter of Managers considered this
to be important. These discrepancies point to different world views
among the most important stakeholders involved in management.
Clearly, Farmers are concerned about poor planning and manage-
ment efficiency, and managers are not. This is probably because
farmers have a genuine interest in a favourable ecological outcome,
while WfW’s goal of job creation is given precedence by managers.
Similar views have been identified by van Wilgen and Wannen-
burgh (2016).
4.3. Overcoming barriers
Most of the barriers that we identified could be overcome
relatively easily with minimal cost, whereas others would require
long-term work and large scale investment. Barriers identified are
fairly general and could apply to invasive species management in
other parts of the world, but some are specific to a small suite of
invasive species and social-economic contexts.
4.3.1. Human and informational barriers
Some of the human and informational barriers that we
identified such as limited and inconsistent funding and capacity
constraints, which are compounded by the socio-economic history
of South Africa, are probably not as important in developed
countries. Others, however, may be widely relevant. These include
adequate funding for control projects in developing countries and
building effective partnerships and ways of communicating results
of research to stakeholders. As with most invasive alien species
problems, a lack of knowledge constrains effective management
For Prosopis in particular, research into biological control could
reduce direct clearing costs and make more funding available to
cover wider areas (van Klinken and Pichancourt, 2015). A sound
understanding of the impacts and benefits of Prosopis is also
needed to inform the development of defensible strategies for its
management; this is the subject of considerable debate (Witt,
2010; Borokini and Babaloa, 2012; Shackleton et al., 2014; Walkie
et al., 2016). There is also an obvious need for regular monitoring
using high-level indicators, a practice that is widely recognised as
essential but which is seldom implemented at an appropriately
large scale (Raphael et al., 2010; Reid et al., 2009). We have also
identified that, even in cases where relatively high levels of
understanding exist, perceptions often prevail to the detriment of
management. Examples here include the fear that biological
control would become so effective that manual labour would no
longer be required, and that maintaining Prosopis in the landscape
would offset pressure on native trees (which it does not;
Shackleton et al., 2015c,d). Awareness-raising programmes that
package available information and target selected stakeholder
groups should aid in reducing conflicts or misconceptions, and
encourage private landowners to manage invasions. Good public
awareness has been shown to be strongly correlated with
implementation of climate-change adaptation responses and
support for initiatives for managing invasive species across the
world (Semenza et al., 2008; Garcia-Llorente et al., 2008;
Verbrugge et al., 2013).
4.3.2. Natural barriers
Natural barriers to management include high levels of seed
production, persistent seed banks, fast growth rates, the ability to
coppice and biotic and abiotic vectors of spread; these are featuresthat are shared with other invasive species such as Australian
acacias (Gallagher et al., 2011; Gibson et al., 2011). These barriers
are often difficult to overcome, but management interventions can
be tailored to focus on such barriers. Seed production could be
reduced through biological control, and spread through careful
regulation of the movement of livestock—which links to managing
pathways (as applicable to other invasive species as well van
Wilgen et al. (2012a,b); Chuong et al. (2016). The development of
more effective herbicides and ensuring their proper application
could reduce the tendency for cleared sites to revert to an invaded
state through coppicing. Finally, better prioritisation of interven-
tions in space and time, such as beginning at the top of catchments
and preventing spread outwards from edges of invasions could
prevent re-invasions of cleared areas in lower parts of catchments
and has been recommended in Australia (Grice et al., 2011).
4.3.3. Social barriers
The greatest number of barriers that we identified in this study
were related to institutional issues. These included poor coopera-
tion between different stakeholders, inefficient management
(often linked to the absence of planning and prioritisation),
corruption, and the ineffective legislation. The lack of stakeholder
engagement and cooperation is a common issue in environmental
management programs globally, and improved collaboration is
important to overcome this (Max-Neef, 2005; Reyers et al., 2015).
The employment of a coordinator to facilitate management and
collaboration and co-production of research and management
strategies would be highly beneficial for bridging this barrier. In
addition, adherence to policy, legislation and contracts is poor for
most invasive species in South Africa including Prosopis, and better
enforcement would improve management.
As with several other introduced and invasive trees globally
(Dickie et al., 2014; van Wilgen and Richardson, 2014), Prosopis
trees cause conflict, as they can simultaneously provide benefits
and generate impacts. The economic value of Prosopis for fodder
and fuelwood and its intrinsic value for shade (Shackleton et al.,
2015c) are leading to normative barriers and preventing manage-
ment in South Africa and globally (Shackleton et al., 2014; van
Wilgen and Richardson, 2014). The debate about whether or not,
and to what degree, control programs should make use of
utilisation schemes also present barriers to effective implementa-
tion, as it does elsewhere (e.g. in East Africa, see Witt 2010).
However, we also identified conflicts that are specific to South
Africa and which arise from the imperative for job creation in the
WfW programme.
4.4. Remaining research needs
This study has identified barriers that are faced when managing
a widespread invasive tree species. Most of the barriers that were
identified are fairly general and would apply to other invaders and
environmental conservation initiatives such as those focussing on
climate change (Jones, 2010). However, some of the barriers
identified in this study are specific to Prosopis or a small group of
similar invasive species. In particular, those barriers related to the
social-ecological context of South Africa are unique, including
fraud and corruption, and the conflicts around job creation as a
management approach to address the legacies of apartheid. Other
invasive species groups such as mammals, fish and insects and
those in early stages of invasion as opposed to being widespread
are likely to face other unique barriers. Additionally, different
social-ecological contexts are clearly for what barriers are faced
and further research is required to explore generalities in this
regard.
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